A Jain, P Deshpande and P Shah OBJECTIVE: To characterize the relationship between peripherally inserted central catheters (PICC) tip positions and associated complications in neonates. STUDY DESIGN: Catheter tip position for 319 infants was classified into superior vena cava (SVC, n ¼ 131), inferior vena cava (IVC, n ¼ 72), brachiocephalic (BC, n ¼ 59), midclavicular (MC, n ¼ 49) or iliac. Duration of catheter stay and complication profile was compared between central (SVC/IVC) vs non-central PICC, and between SVC vs IVC, SVC vs BC and SVC vs MC. Kaplan-Meier survival analysis and regression models were used. RESULT: Overall length of catheter stay was similar between central and non-central group. Non-central catheters (n ¼ 116) had higher complication rates (47 vs 29%; P ¼ 0.001), non-elective removals (45 vs 27%; P ¼ 0.002) and shorter time to complication (6.2 vs 11.4 days; P ¼ 0.043). This difference was primarily due to the complications encountered in MC group, which had the highest rate of infiltration (Po0.001) and mechanical complications while outcomes were similar among other subgroups. Interestingly, catheter survival probability was similar in all groups for first 4 days. Rate and types of blood stream infections were not related to catheter tip position. CONCLUSION: Non-central PICCs are associated with higher rates of infiltration and mechanical complications when the tip is in MC region. BC catheters may have comparable outcomes to SVC in neonates. A careful risk-benefit analysis is warranted when MC catheters are used in neonates.
INTRODUCTION
Peripherally inserted central catheters (PICC) have long been used to provide intravenous therapy to premature neonates. 1 Advantages of using PICC's in neonates include avoidance of pain and handling associated with repeated peripheral intravenous cannulation and ability to safely deliver concentrated parenteral fluid or nutrients. Although the use of PICC's is often desirable in preterm infants, they are also associated with risks of complications. The common catheter-related complications include occlusion, infiltration, phlebitis, thrombosis and infections. [2] [3] [4] [5] Rarely, PICCs have also been associated with serious complications like pericardial and pleural effusions. 6 One of the factors implicated in catheter-related complication rates is catheter tip position. [7] [8] [9] [10] It is recommended that ideal location for catheter tip is superior vena cava (SVC) and inferior vena cava (IVC) for upper and lower limb PICC, respectively. 11, 12 However, due to technical challenges, a significant number of catheters may end up with their tip in suboptimal non-central positions. 13, 14 Although such catheters are not infrequently used in neonates, the relationship between catheter tip positions and related complications in this population remains unclear. Our objective was to assess the duration of catheter stay and compare types and rates of complications associated with PICC's in relation to different catheter tip positions in neonates.
METHODS

Design and setting
This was a retrospective cohort study of infants admitted between July 2006 and December 2009 at a tertiary neonatal intensive care unit, Mount Sinai Hospital, Toronto. PICCs' were inserted either by neonatal fellows or nurse practitioners. Two types of catheters were available during the study period: 1.9 French single lumen polyurethane (ARGYLE, Covidien plc, Mansfield, MA, USA) and 2.0 French single lumen silicone (V-Cath, NeoMedical, Fremont, CA, USA). The catheter choice and insertion site depended on operator preference. The procedure was performed at the bedside and post insertion X-rays taken with limbs in standard resting position were used to assess placement (two views: anteroposterior and lateral views taken with arm adducted at approximately 30 to 45 degree to the body for upper limbs catheters and legs kept in 'frog'-like position for lower limb catheters). The clinical goal was to place the catheter tip in SVC or IVC but outside the right atrium. Ultrasound-guided insertion was not used. Catheters with mal-positioned tips (outside SVC/IVC) were either removed or pulled out to an appropriate position depending on the discretion of the attending neonatologist. Upper limb catheters with tip mal-positioned to contralateral brachiocephalic (BC), internal jugular or intercostal veins were pulled back to either ipsilateral BC or subclavian veins, whereas lower limb catheters were pulled back to ipsilateral iliac vein if the tip was mal-positioned to contralateral iliac or anterior lumbar veins. The catheters with tip in subclavian veins were termed as midclavicular (MC). A repeat X-ray to confirm final tip position was done if catheter needed to be pulled back by more than 1 cm. Heparin was infused at 0.5 units kg À 1 per hour in all PICCs' as per standard unit policy. 15 Infants for whom repeated attempts to insert a PICC failed were usually referred to a quaternary center for PICC insertion under fluoroscopic guidance. The details of catheter insertion, removal and hourly status of catheter site and infusate volume were documented in patient charts. The PICC dressing was monitored daily by infant's nurse and was changed by a neonatal fellow or nurse practitioner if it was loose or soiled. The decision to insert or remove a PICC was taken by the attending neonatologist. All catheters were removed either after completion of intravenous therapy or prematurely if they developed complications. In cases of suspected sepsis, our unit's standard practice was to obtain one peripheral blood culture. Attempting to obtain a blood culture from the central line at the same time was left at the discretion of attending neonatologist as it was often not feasible to obtain blood sample after days of intravenous therapy from relatively small size central catheters used in premature infants. In the event of a positive blood culture in the presence of a central line, a repeat peripheral blood culture was always obtained after 48 h of appropriate antibiotic treatment.
Inclusion and exclusion criteria
Only those PICCs' that were inserted as well as removed during the infant's stay in our unit were included. To avoid potential errors related to the nonindependence of repeated measures in an individual patient, only the first PICC for each infant was included. Infants who were transferred in or out of our unit with a PICC in situ were excluded. Catheters inserted under fluoroscopic guidance were also excluded due to differences in catheter types and insertion technique.
Data collection
Health records of all neonates who had a PICC at any time during the study period as identified from our unit's prospectively compiled electronic database were retrieved. Our database has built-in checks with out of range values being flagged immediately. In addition, manual validation occurred annually before close of database. Data was collected regarding infant's baseline demographics, details of PICC insertion and removal, type of catheter and infusate, length of catheter stay and details of complications if any. Microbiology results were reviewed to identify all positive blood cultures during the study period.
Definitions
Catheters with tip in SVC or IVC were considered central while those with tip in BC, MC or iliac vein were defined as non-central. Catheters with tip in a limb vein were called short catheters. Length of catheter stay was defined as the time interval between insertion and removal of catheter in days. Types of complications were divided in three categories: mechanical, infectious and infiltration. Mechanical complications included occlusion, breakage and leaking, whereas infectious complications included catheterrelated blood stream infections (CRBSI), catheter-associated blood stream infections (CABSI) and culture-negative phlebitis if treated with systemic antibiotics. Catheter occlusion was defined as inability to infuse fluid leading to catheter removal. Infiltration was defined as inability to infuse fluid associated with swelling in the region of the catheter tip. CRBSI was defined as positive peripheral blood culture for the same organism as the culture obtained from the catheter or persistent identification of same organism from serial peripheral blood cultures. CABSI was defined as positive blood culture in a patient with PICC in situ when culture was taken minimum 24 h after catheter insertion up to maximum 48 h after catheter removal. Phlebitis was defined as inflammation tracking along the path of a non-occluded catheter.
Classification of catheter tip
The last X-rays taken after PICC insertion but before starting the infusate were evaluated by one of the two investigators (AJ, PD) who were unaware of the outcomes of individual patients. Catheter tip was categorized as: SVC, IVC, BC, MC, iliac or short. Catheter tip was categorized as SVC if it was in the midline pointing downwards towards the heart and within 1 cm of the cardiac silhouette for preterm and 2 cm for term infants. 16 BC catheters had their tip beyond the medial clavicular border sloping downwards but short of SVC. 17 The tip was classified as MC if it lies between the lateral and medial border of the clavicle. Medial border of clavicle was considered a surrogate marker for distal end of subclavian vein as the outer border of the first rib was often difficult to accurately visualize. For lower limb PICCs, if the tip was in midline pointing upwards towards the heart it was classified as IVC. The catheters in iliac vein were identified when the tip was within the lower lateral abdominal quadrant sloping upwards but have not reached midline.
Outcome measures
The primary outcome was to compare length of catheter stay between central and non-central PICCs. Secondary outcomes included rates of different complications between the two groups. Further, we performed subgroup analysis comparing catheters with different tip locations (SVC vs IVC; SVC vs BC; and SVC vs MC).
Ethics
The study was approved by our institutional Research Ethics Board.
Statistical methods
Analysis was performed using SAS 9.2 (SAS Institute, Cary, NC, USA). Baseline characteristics and outcomes were compared between the groups using w 2 , Fisher exact or Mann-Whitney U-tests as appropriate. Multiple logistic regression models were applied to compare odds of occurrence of complication between the groups. Length of catheter stay and time to complication was compared using Kaplan-Meier survival analysis and Cox model. A two-sided P-value of o0.05 was considered statistically significant without adjustment for multiple comparisons. 18, 19 
RESULTS
Of the 420 infants who had a PICC during the study period, 336 were included in the final analysis ( Figure 1 ). There was no catheter-related complication among excluded infants transferred to another facility with a PICC in situ. Catheters were inserted at a median (interquartile range) age of 8 (5 to 11) days. The median gestational age and weight at the time of PICC insertion was 28 (27 to 30) weeks and 890 g (750 to 1140 g), respectively. Parenteral nutrition was the commonest indication for PICC, with majority of infants receiving 10% dextrose-based infusion (319 PICCs'). Four infants received 12.5% dextrose-based solutions (two central and two non-central), twelve PICCs' were placed exclusively for intravenous antibiotic therapy (six central and six non-central) and one for intravenous anticoagulant treatment. There was no relation between type of catheter used and incidence of catheter tip malposition or complications. More catheters were inserted in upper extremities with significantly higher incidence of tip malposition (48 vs 15%; P ¼ 0.001).
Central vs non-central Overall length of catheter stay did not significantly differ between the two groups (10.2 vs 9.9 days; Table 1 ). Kaplan-Meier analysis showed the catheter survival probability was similar for both groups during initial 4 days following which it significantly reduced for the non-central group (P ¼ 0.005; Figure 2a) . Multivariable analysis using logistic regression model (outcome: complication yes/no) and Cox regression model (outcome: time to complication) showed location of catheter tip to be the only significant factor favoring central catheters (data not presented). Central catheters had significantly lower incidence of complications (30 vs 46.6%; OR (95% CI) ¼ 2.02 (1.23 to 3.34); P ¼ 0.003) and took a median of 5 days longer to develop complications needing catheter removal (P ¼
Subgroup analysis
Catheters with tip in BC veins and IVC had comparable outcomes to catheters with tip in SVC ( Table 2) . MC catheters had significantly higher incidence of complications compared with SVC often necessitating catheter removal (5.3 vs 2.2 complications per 100 catheter days; Po0.001). The incidence of mechanical complications and infiltration was highest for MC group (Figure 3) . There was one case of pleural effusion that resolved spontaneously after catheter removal and one case of subcutaneous abscess secondary to catheter infiltration that needed incision and drainage. Both these infants had a long-term MC catheter. Multivariable and Kaplan-Meier analysis showed MC catheters were more likely to develop complications compared with all other groups (Table 3 ) and had lowest survival probability after 4 days of insertion. There was no difference in survival probability between other groups (Figure 2b ). 
Infections
Total of 43 infants with PICC had positive blood cultures giving an overall incidence of CABSI as 13.4% (1.1 infections per 100 catheter days). Coagulase-negative staphylococcus (CONS) was the commonest organism isolated (Supplementary Appendix).
Only 23 infants could be classified as having CRBSI using our study definition (20 CONS, 1 enterobacter, 2 had multiple organisms). There was no relation between catheter tip position and incidence of any bacteremia (CABSI or CRBSI or individual organism). Two infants developed culture-negative phlebitis that resolved with systemic antibiotic treatment.
DISCUSSION
To our knowledge this is the first study describing the association between complications and different catheter tip positions in neonates. We observed that non-central PICCs' developed more complications in less time often leading to non-elective catheter removal. In addition, we identified that this difference was primarily seen due to catheters whose tip on plain X-rays is visualized between medial and lateral clavicular borders and hence likely to be in subclavian veins. Non-central catheters with tip beyond medial clavicular border (BC) had comparable outcomes to central catheters. CABSI were independent of tip position. Previous studies have shown non-central PICCs' to be associated with higher rate of mechanical complications. [7] [8] [9] [10] Racadio et al. 9 in a large retrospective database review of pediatric PICCs' demonstrated a sevenfold increase in complications when catheter tip was non-central. In their study, 36 catheters were MC with a complication rate of 28%. Using comparable definitions of central and non-central PICC, we found similar trends in neonates although the types and absolute rate of complications were different. This was not unexpected considering differences in study population, catheter sizes and types of infusate. Recently, Isemann et al. 10 in a before-and-after epoch study investigated the impact of omission of heparin infusion on PICC-associated complications. The authors reported a higher incidence of complications in neonatal PICCs when catheter tip is noncentral. In their study, the commonest complication was occlusion (44%), majority of which (91%) occurred when catheters were capped and flushed intermittently. In our study, central catheters were not capped but always had a continuous infusion running (minimum rate of 1 ml h À 1 ). Previous studies have not assessed the impact of different non-central positions on rate and type of complications. This is important as catheter tip mal-position is a common clinical scenario in neonatal intensive care units. The National Association of Vascular Access Network (NAVAN) has recommended that in such cases after a careful riskbenefit analysis, the decision to leave the catheter tip in a smaller vein outside the venae cavae can be made. 20 We believe the PICC tip-related complications in neonates A Jain et al evidence generated by this study may help clinicians to perform a more informed risk-benefit analysis. Even though MC catheters are not infrequently used in neonatal intensive care units, there is no previous report regarding their use in this population. 21 It was our anecdotal experience that catheters with tip beyond the medial border of clavicle but short of SVC often lasted longer with fewer complications compared with MC catheters. These catheter tips were more likely to be in BC veins and hence were categorized separately. In our study, the rate of infiltration, mechanical complications and time to complication were significantly inferior for MC group. A cadaveric study of extremely low birth weight infants has shown the outer diameter of subclavian veins to be significantly smaller than BC (mean diameter of 2.6 and 2.5 mm vs 3.3 and 4.0 mm for right and left, respectively). 17 The outer diameter of vessel with catheter tip may have an inverse relationship with rate of mechanical and infiltrative complications. Although the range of length of catheter stay for MC group was from 1.6 to 35.7 days and the risk of complications needing catheter removal became statistically significant 4 days after catheter insertion, majority of these catheters still resulted in significant patient morbidity. Our results suggest that the use of MC catheters in neonates is best avoided. These catheters should either be replaced by a more optimal-positioned PICC or pulled back to a safer peripheral location (short catheter to be used as peripheral intravenous line) at the earliest possible opportunity. In our study, there were 17 short catheters (12 mid-humeral, 5 mid-femoral) with a mean duration of stay of 6.2 days. Twelve of these were removed due to complications (six infiltrations, four occlusions, two CABSI) after a mean duration of 5 days. Due to small numbers, we are unable to draw any conclusions regarding risks associated with these catheters. Additionally, it may be more appropriate to compare short catheters with peripheral intravenous lines rather than PICCs. No serious complication was seen with these catheters.
Blood stream infection is a common catheter-related complication leading to significant morbidity. Hoang et al. 22 in a database review of central PICCs' in neonates reported a higher incidence of CRBSI with upper limb catheters. Although they showed that a higher proportion of CRBSI in SVC group were with CONS, the true incidence of CONS bacteremia was similar in both the groups (37 out of 370 PICCs' in SVC vs 5 out of 107 in IVC; P ¼ 0.11). There was also no difference in the overall rate of CRBSI as IVC group had more gram-negative infections. We compared groups for the incidence of CABSI, CRBSI and for BSI with each organism and found no relation to catheter tip position (Supplementary Appendix). Studies in adults and children have also not reported any relationship between infections and catheter tip position. [7] [8] [9] Our study was designed to minimize the effect of confounding variables as we included only the first PICC for each infant and excluded all PICCs' placed or removed elsewhere. In addition, we were able to acquire complete data for more than 95% of eligible infants ensuring a good representation of the study population. Apart from the common drawbacks of a retrospective study, there were some other important limitations of our findings. First, like most units, we use plain radiographs to confirm tip position. This may be less accurate than other methods like ultrasound or fluoroscopy. 16 Second, PICCs' are known to move significantly with arm motion. 23 We were unable to account for potential migration of catheters before developing complications. A detailed review of health records and all available X-rays of included infants did not reveal any known evidence of accidental migration of catheters. Third, MC catheters in adults have been shown to be associated with venous thrombosis. 24 We are unable to comment on subclinical PICC-related thrombosis as ultrasound surveillance is not a routine practice at our center. Fourth, central line cultures are not routinely performed in our unit. The true incidence of catheter-related septicemia in our population is likely to be between the observed CRBSI (7.2%) and CABSI (13.4%), which is still comparable to published neonatal literature. 22 Fifth, all but four infants in our study were receiving 10% dextrosebased infusions. Complication rates might differ for higher osmolar solutions. Finally, even though the standard practice in our unit is to pull non-central catheters back to an appropriate position before starting intravenous therapy, we are unable to rule out the possibility of some non-central catheters being used in view of previous failed insertion attempts. We did not find any group difference in infant's age and weight at catheter insertion, indicating that difficulty of insertion is less likely to be a significant confounding factor.
CONCLUSIONS
The use of PICCs with their tip in subclavian veins should be discouraged in neonates as these catheters are associated with higher rate of infiltration and mechanical complications and shorter time to complication. Catheters with their tip in BC veins may have similar complication profile to catheters with tip in venae cavae. Catheter-associated septicemia is not related to catheter tip position. Clinicians should perform a careful riskbenefit analysis if deciding to use a MC PICC for intravenous therapy in neonates.
